Purpose To assess the efficacy of smallgauge vitrectomy with subretinal recombinant tissue plasminogen activator (rtPA) and ranibizumab for submacular haemorrhages secondary to neovascular age-related macular degeneration (nAMD), and to identify the factors associated with visual outcome. Methods A retrospective case series was performed, including all patients who had small-gauge vitrectomy with subretinal rtPA and ranibizumab for submacular haemorrhages secondary to nAMD. All patients received three consecutive monthly injections of ranibizumab after the surgery, and were reviewed monthly and treated on a pro re nata regime. Results A total of 45 eyes of 45 patients were included in the study. Mean age was 77.07 ± 9.67 years, and 32 of 45 patients (71.1%) were women. Surgery was performed on average 6.98 ± 5.70 days after the onset of symptoms, and patients were observed for a follow-up period of 12.9 ± 10.8 months. On average, visual acuity improved − 0.59 ± 0.61 LogMAR between presentation and last follow-up. Visual acuity improved in 33 patients (73.3%), remained unchanged in 10 patients (22.2%), and worsened in 2 patients (4.4%). Multiple linear regression showed that patients with smaller haemorrhages (P = 0.012) and prompt surgery (P = 0.008) had better final visual acuities. A haemorrhage area of ≤ 30 mm 2 had 91.3% sensitivity and 73.3% specificity for predicting a final visual acuity ≥ 6/60. Conclusion Small-gauge vitrectomy with subretinal rtPA and ranibizumab is effective for improving visual acuity in patients with submacular haemorrhages secondary to nAMD. Small haemorrhage area and prompt surgery are associated with better final visual acuity.
Introduction
Large subretinal haemorrhages (SMHs) are a recognised complication of neovascular agerelated macular degeneration (nAMD). The prognosis for untreated SMH is known to be poor. 1, 2 The subretinal blood is a barrier to diffusion of oxygen from the choroid; contraction of the blood clot damages the photoreceptors; and the iron in the haemoglobin is toxic. 3 Bennett et al 4 found that patients with submacular haemorrhage associated with AMD involving the fovea had a mean visual acuity of 20/1700 at final follow-up. A number of interventions have been proposed, including intravitreal anti-VEGF alone, 5, 6 intravitreal anti-VEGF combined with intravitreal gas and/or recombinant tissue plasminogen activator (rtPA), 7, 8 and vitrectomy with subretinal rtPA and anti-VEGF. 9, 10 One retrospective comparative case series suggested that subretinal rtPA was more effective than intravitreal rtPA. 11 Some trials of anti-VEGF agents specifically excluded eyes with large haemorrhages. 12 Published case series of interventions to treat submacular haemorrhages often have fewer than 20 cases, and the end points are variable, including displacement of haemorrhage, change in visual acuity, or final vision. 13 In addition, it is not yet clear what risk factors at presentation may affect final outcome. It is likely that the size, and thickness, of the haemorrhage will affect the probability of visual recovery; 14 however, the thickness of the haemorrhage may be difficult to measure accurately with optical coherence tomography (OCT), as a dense haemorrhage may obscure the signal from the retinal pigment epithelium. The haemorrhage area may be a more reproducible measurement that could help to identify the eyes that are most likely to benefit from treatment.
Since 2011, the vitreoretinal service at Gartnavel General Hospital has offered vitrectomy with subretinal rtPA and gas to any patient with a recent-onset, large (410 disc areas), submacular haemorrhage secondary to nAMD. The main objective of this study is to assess the efficacy of small-gauge vitrectomy with subretinal rtPA and ranibizumab for submacular haemorrhages secondary to nAMD. A secondary objective was to identify the factors associated with a better outcome.
Materials and methods
A retrospective case series analysis was performed. All patients treated with 23-gauge pars plana vitrectomy with subretinal rtPA and ranibizumab for large (410 disc areas) submacular haemorrhages involving the fovea secondary to nAMD between March 2011 and January 2015 were included in the study. Patients with a SMH whose aetiology was a disease other than nAMD and those presenting more than 14 days from the onset of visual acuity were excluded from the study. All research adhered to the tenets of the Declaration of Helsinki. All patients included signed a written informed consent form for their surgical intervention.
Preoperative and postoperative examinations consisted of Snellen best corrected visual acuity measurement (BCVA), colour fundus photography, macular optical coherence tomography (Topcon OCT-2000, Topcon Corporation, Tokyo, Japan), anterior segment examination, Goldmann tonometry, and dilated funduscopy. Haemorrhage area and thickness (distance between retinal pigment epithelium and inner limiting membrane) were calculated using the Topcon OCT-2000 software ( Figure 1 ). Unlike haemorrhage area measurements, which were found to be accurate, thickness measurements were unreliable because of the difficulty in identifying the retinal pigment epithelium in very thick haemorrhages. In contrast, haemorrhage area was easy to calculate, as the edge of the haemorrhage was clearly defined. Thus, only haemorrhage area data were used for further analysis. Angiography was not routinely performed because of the difficulty of identifying a choroidal neovascular lesion under a submacular haemorrhage.
The following surgical technique was employed: a complete 23G pars plana vitrectomy was performed (Constellation Vision System, Alcon, Fort Worth, TX, USA), with induction of a posterior vitreous detachment if necessary. We used a 23G cannula with a retractable 41G tip (Dutch Ophthalmic Research Center (DORC), Zuidland, The Netherlands), connected by tubing to a tuberculin syringe containing ∼ 0.5-0.7 ml of rtPA 125 μg/ml and 0.06 ml of Ranibizumab 10 mg/ml, using the technique previously described by Treumer, Hillenkamp, and colleagues. [9] [10] [11] 15 The 41G tip was inserted into the subretinal space, and the assistant slowly injected the contents of the syringe, creating a local retinal detachment encompassing the haemorrhage. The total volume infused varies from 0.5 to 0.75 ml with larger volumes for larger haemorrhages. There is ∼ 0.15 ml dead space in the subretinal injection cannula. At 125 μg/ml of rtPA, 0.5 ml contains ∼ 60 μg of rtPA. Fluid air exchange was incomplete-the eye was filled with air only to the level of the dome of detached retina. After ensuring a gas tight seal of the ports, the vitreous cavity was filled with a 25% sulphur hexafluoride gas/air mixture. Patients were instructed to maintain a supine position for 4 h after surgery, and then to sit up and lean forward overnight.
Patients were reviewed on days 1, 14, and 28 postoperatively, and on a monthly basis thereafter. Patients received two further monthly 0.05 ml ranibizumab injections after surgery and were treated on a pro re nata regime after the third month. Criteria for reinjection were new haemorrhages, persistent or new subretinal fluid on OCT, or two-line drop in Snellen BCVA from the previous visit. Although NICE guidelines do not support ranibizumab use in patients with nAMD and visual acuity worse than 6/96, this treatment can be commissioned by NHS in Scotland if the treating ophthalmologist considers it to be beneficial for the patient.
Statistics
Qualitative variables were expressed as percentages. Quantitative variables were expressed as mean values ± SD if they followed a normal distribution or as median values (range) if they did not. Snellen visual acuity was transformed to LogMAR for statistical analysis. 16 Differences between two related continuous variables were tested with the paired T-test, and between two independent variables with the independent samples T-tests, when normality and homoscedasticity conditions allowed it. When this was not possible, Wilcoxon or Mann-Whitney test were used, respectively. Correlation between two continuous variables was tested using Pearson's method. Multivariate analysis for bivariate dependent variables was performed with a logistic regression model, and for continuous dependent variables using a multiple linear regression model. The selection of variables in the final model was performed by a forwardconditional method, with significance levels of ≤ 0.05 for inclusion and ≥ 0.1 for exclusion, forcing age and gender into the equation. Collinearity was measured using Tolerance and Variance Inflation Factor.
Results were considered statistically significant when Po0.05. Data were analysed using IBM SPSS Statistics, version 20 (International Business Machine Corp., Endicott, NY, USA), and Stata/SE, version 12.0 (StataCorp, College Station, TX, USA).
Results
Forty-five patients were included in the study. Their characteristics are summarised in Table 1 . Mean age was 77.07 ± 9.67 years, and 32 of 45 patients (71.1%) were women. On average, patients presented to the clinic 6.89 ± 5.75 days after the onset of symptoms. Fourteen patients were pseudophakic in the study eye, and 13 (28.9%) had received previous anti-VEGF treatment for wet AMD in the study eye. Only one patient had a visual acuity of 6/36 or better on presentation. Three patients were taking warfarin (6.7%), 18 (40%) were on aspirin, and 3 (6.7%) on clopidogrel.
Surgery was performed an average of 6.98 ± 5.70 days after the onset of symptoms, and patients were observed for a follow-up period of 12.9 ± 10.8 months. On average, patients received 3.36 ± 2.36 injections of anti-VEGF after the surgery. Postoperative complications were observed We did not observe any significant relationship between any of the individual antiplatelet or anticoagulant agents and risk of rebleed (warfarin P40.999; aspirin P = 0.130; clopidogrel P = 0.169). We observed a nonstatistically significant trend when we compared the use of any antiplatelet agent (aspirin or clopidogrel or both) with the risk of rebleed (P = 0.096; OR = 3.5; 95 confidence interval (CI) 0.87-14.11). However, this was not found to be a significant predictor of final visual result in any of the multivariate models. Figure 2a shows the change in visual acuity between presentation and last follow-up. On average, visual acuity improved − 0.59 ± 0.61 LogMAR between presentation and last follow-up (Po0.001). Visual acuity improved in 33 patients (73.3%), remained unchanged in 10 patients (22.2%), and worsened in 2 patients (4.4%).
Univariate analysis did not find any statistically significant relation between final BCVA and gender (P = 0.813), age (P = 0.385), days between onset and surgery (P = 0.145), previous anti-VEGF treatment (P = 0.264), antiplatelet (P = 0.742) or anticoagulant treatment (P = 0.803), or follow-up period (P = 0.484). The only significant predictors observed in bivariate analysis were subretinal haemorrhage area (P = 0.001) and presenting LogMAR BCVA (P = 0.005). Predictors of final visual acuity were further analysed using a multiple linear regression model (Table 2 , model A). This confirmed that patients with smaller haemorrhages (P = 0.012) and shorter times between onset of symptoms and surgery (P = 0.008) had better final visual acuities, independently of age, gender, presenting BCVA, or follow-up time. The model B in Table 2 shows the results of the binary logistic regression model analysing the factors associated with a final visual acuity ≥ 6/60 (1.0 LogMAR). Only a smaller haemorrhage area at presentation showed a statistically significant association with a final visual acuity ≥ 6/60.
ROC curve analysis showed that the macular haemorrhage area was the single best predictor of a final visual acuity ≥ 6/60 (Figure 2b) . Area under the ROC curve was 0.794 (95% CI 0.625-0.964). A haemorrhage with an area of 30 mm 2 had 91.3% sensitivity and 73.3% specificity for predicting a final visual acuity ≥ 6/60. Finally, Table 3 shows final BCVA results by tertiles of time between onset of symptoms and surgery, BCVA at presentation, and subretinal haemorrhage area.
Discussion
The main findings of this study are: Successful improvement of visual acuity in submacular haemorrhages secondary to nAMD has been previously reported using intravitreal gas; intravitreal gas and rtPA; intravitreal gas, rtPA, and bevacizumab; 17 vitrectomy with intravitreal gas and subretinal rtPA; 11, 18, 19 and vitrectomy with intravitreal gas and subretinal rtPA and anti-VEGF. 9, 10 A recent review by Stanescu-Segall et al 20 summarises the findings of these previous studies. To date, there is no consensus on the optimal management for patients presenting with this severe complication of nAMD.
Unsurprisingly, our results suggest that patients tend to benefit more from this intervention when the area of the haemorrhage is small, and if surgery is conducted promptly. To the best of our knowledge, this is the first study that analyses the effect of haemorrhage area on final visual acuity. As expected, we have observed that smaller haemorrhages correlate with better final visual acuities. In eyes with haemorrhages 448 mm 2 , both final visual acuity and BCVA improvement were smaller than in patients with less extensive haemorrhages. We recommend that in this subgroup of patients, surgery should be reserved for those who have already lost vision in their contralateral eye.
In addition, we found better results in patients who underwent surgery promptly after the onset of symptoms. In spite of this, we have observed improvement in visual acuity even in patients who underwent surgery between 8 and 14 days after the onset of symptoms.
Subgroup analysis failed to show a statistically significant change in visual acuity in patients with presenting BCVA of ≥ 1/60. This could be because of the limited statistical power of our study in order to detect smaller visual acuity gains. Prospective studies with larger sample size would help to determine the benefit of this intervention in these patients.
The rate and distribution of complications is similar to previous reports. 10 Random effect meta-analysis showed that the incidence of RPE rips, macular hole, and retinal detachments is ∼ 2.3% (95 CI 0-5.5%) for each of these complications in this procedure.
We hypothesise that the immediate benefit of this technique is due to the displacement of the haemorrhage. However, if the CNVs are not treated at the same time with anti-VEGF, any visual improvement is likely to be short-lived. Although ranibizumab is diluted by the rtPA, this dilution is much less than the conventional ), the patients presented earlier (median 4 days, range 1-7 days), and had better presenting visual acuities (median 20/400, range hand motion to 20/60) than those included in this study. The CATT study, a large, multicentre randomised clinical trial of ranibizumab vs bevacizumab, also included eyes with macular haemorrhages, but again these were patients with better prognosis, as eyes with visual acuities worse than 6/96 were excluded. 23 In a subgroup analysis of lesions composed 450% of blood, they showed a 3-line improvement at year 1 in 7.7% of patients, changes o3 lines in 60% of patients, and worsening of 43 lines in 32.1% of patients. 5 Again, the eyes included in this study probably have a more favourable prognosis than our patients, as mean presenting visual acuity was 20/80, and total retinal thickness was significantly smaller (524 μm). Thus, it is possible that intravitreal anti-VEGF alone could also be effective in small haemorrhages with visual acuities better than counting fingers. Comparative studies are required in this subset of patients in order to determine the optimal treatment.
Second, in 4 of 31 phakic eyes, phacoemulsification was performed postoperatively because of cataract progression. However, the degree of lens opacity at presentation was mild in these patients. Thus, the contribution of cataract surgery to the overall improvement in BCVA was probably small.
Lastly, visual acuities were measured using the Snellen chart, and then transformed into LogMAR for statistical analysis. This conversion allows the use of parametric tests, and has been previously validated. 16 In conclusion, this study shows that small-gauge vitrectomy with subretinal rtPA and ranibizumab is an effective therapy for improving visual acuity in patients with submacular haemorrhages secondary to nAMD. Small haemorrhage area and prompt surgery are associated with better final visual acuity.
Summary
What was known before K Large subretinal haemorrhages are a recognised complication of neovascular age-related macular degeneration (nAMD).
K Their prognosis is poor, with a final visual acuity of 20/1700 if left untreated.
K A number of interventions have been proposed, including intravitreal anti-VEGF alone, intravitreal anti-VEGF combined with intravitreal gas and/or recombinant tissue plasminogen activator (rtPA), and vitrectomy with subretinal rtPA and anti-VEGF.
What this study adds K Small-gauge vitrectomy with subretinal rtPA and ranibizumab is an effective therapy for improving visual acuity in patients with submacular haemorrhages secondary to nAMD.
K Postoperative complications occurred in 22 of 45 patients, although they did not influence the final visual result.
K Patients with smaller haemorrhages and shorter surgical delays presented better final visual results.
